Abstract: The reaction of alkenyl(bromomethyl)silanes with HSnBus gave alkenyldimethylsilanes and silacycloalkanes in good yields. The regioselectivity of the intramolecular radical cyclisation was studied as a function of the alkenyl chain length, HSnBu? addition rate and double bond substitution. The intramolecular radical cychsation of non substituted alkenyl(bromomethyl)silanes showed a net preference for the endo cychsation. The preference for the formation of silacycloheptane over silacyclohexane is noteworthy.
INTRODUCTION
Ring closure of hex-5-en-l-yls radicals is a well established process. The reaction is irreversible and favours the cyclopentane product (5-exo cychsation). A small amount of the cyclohexane product (6-endo cychsation), thermodynamically more stable, is usually formed [1] , For example, the reaction of 6-bromohex-l-ene with tributyltin hydride gives methylcyclopentane as the major product, 54.1%, along with 0.8% of cyclohexane and 45.1% of hex-l-ene [2] .
Wilt et al [3] showed that the substitution of a methylene group by a dimethylsilyl group has a great influence in the chemio-and regioselectivity of this reaction: treatment of 6-bromo-5,5-dimethyl-5-silahex-1-ene with HSnBu3 affords mainly the reduced uncyclized product, 94.4% along with 5.6% of cyclised products: 3.8% of silacyclohexane and 1.8% of silacyclopentane (Scheme 1).
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54,1% 0,8% Scheme 1. Reaction of 6-bromohex-l-ene and 5,5-dimethyl-6-bromo-5-silahex-l-ene with HSnBus
In the same reaction conditions, the reduced product, a minor product in the reaction of 6-bromohexl-ene with HSnBu3, becomes the major one in the case of the α-silylradical. On the other hand the asilylradical shows a significant preference for the 6-endo cychsation, whereas in the case of he.\-5-en-l-yl radical, the cychsation affords mainly the 5-exo product. The preference for the endo cychsation of silicon radicals is also observed when one or more oxygen atoms are present in the chain [4] , Korecda et al [5] have reported that the cychsation of 2-sila-3-oxahept-6-en-l-yl radical gives only the 7-endo cychsation product. Starting from alkenyl(2-bromoethoxy)diisopropylsilanes, Hutchinson et al [6] obtained, by a intramolecular radical cychsation promoted by HSnBu3, mainly the products from 7-endo, 8-endo and 9-endo cyclisation.
Recently, a new method for the synthesis of silyl chiral optically active compounds based on an enzymatic transesterification of prochiral 2-silapropan-l,3-diols, was developed in our laboratory [7] , This new method led us to the study of the diastereoselectivity of intramolecular reactions of chiral silicon compounds [8] . In this paper we report some results on the intramolecular radical cychsation of alkenyl(bromomethyl)silanes. Although the reaction showed a very poor diastereoselectivity, the observed regioselectivity is very interesting. Alkenyl(bromomethyl)silanes 2a-f required for this study, were prepared in very good yield treating hydroxymethylsilanes la-f [7] with CBty / PPI13 at room temperature (Scheme 2).
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Scheme 2. Synthesis of alkenyl(bromomethyl)si!anes 2a-f
The intramolecular radical cyclisation of alkenyl(bromomethyl)silanes 2a-f was carried out as follows: a solution of HS11BU3 (1.0 mmol) and AIBN(0.05 mmol) in 2.5 ml of benzene were slowly added, at a constant rate, to 25 ml of a 0.020 Μ bromomethylsilane solution in refluxing benzene, under argon atmosphere. After solvent evaporation, the reaction products were separated from the "tin subproducts" by chromatography in alumina and isolated by preparative gaseous chromatography. Two types of compounds were isolated: alkenyldimethylsilanes 3, the uncyclised reduced products, and silacycloalkanes 4 and 5 formed, respectively, via exo or endo intramolecular radical cyclisation. The ratio of these products in the reaction mixture was determined by GC. The results are presented in Schemes 3 and 4. The reaction showed a very poor diastereoselectivity. For silacycloalkanes 4b,e/ and 5d 'H NMR analysis showed the presence of two diastereomers in a approximately equimolar ratio. We can see from entries 2-5 that the slow addition of the reducing agent, HS11BU3, and consequently its low concentration in the reaction mixture, favours the intramolecular cyclisation over the intermolecular reduction For pent-4-enyl(bromethyl)silane 2c, the proportion of heptenyldimethylsilane 3c, decrease from 82% to 44%, after changing the addition time from 12h to 48h (entries 4 and 5). In agreement with Wilt's results [3] , 2-silahex-5-en-l-yl radicals (entries 2 and 3) cyclises preferentially via the 6-endo mode. However, in our conditions, the slow addition of the reducing agent dramatically reduces the amount of the reduced product, 3b, and the cyclised products, 4b and 5b, becomes the major ones. The cyclisation of bromomethvlsilanes 2a and 2c occurs exclusively via the 5-endo and 7-endo mode, respectively, with formation of the corresponding silacyclopentane 5a and silacycloheptane 5c.
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Scheme 4. Reaction of alkenyldimethylsilanes 2d-f with HSnBu3
It is known that double bond substitution has a significant influence in the regioselectivity of radical reactions. The regioselectivity of the 2-silahex-5-en-l-yl radical cyclisation can be totally controlled by the presence of double bond substituents. Hence, the silacyclopentane product, formed via 5-exo cyclisation, is the only compound detected when a alkyl group is present in the terminal position of the double bond (Scheme 4, entiy 7). On the other hand, the cyclisation occurs exclusively by the 6-endo mode, with formation of a silacyclohexane, when a methyl group is present in the non-terminal position (entry 6). The regioselectivity of the 2-silahept-6-en-l-yl radical cyclisation was completely inverted when a phenyl group was introduced in the terminal position of the double bond. Thus, the reaction of (E)-bromomethyl(5-phenylpent-4-en-l-yl)silane 2f with HS11BU3, led exclusively to the silacyclohexane 4f, formed by a 6-exo cyclisation, while for bromomethyl(penM-en-l-yl)silane 2c, the cyclisation reaction gave only the 7-endo product. As expected, the amount of uncyclised reduced products decrease for alkenyl(bromomethyl)silanes presenting double bond substituents.
The preference for the endo mode of cyclisation in the case of the 2-silahex-5-en-l-yl radical has been interpreted by some authors as the result of geometrical contraints [9] , Beckwith et al [10] proposed that the major factor controlling the regioselectivity of the intramolecular radical cyclisation of hex-5-en-lvl and related radicals is the strain energy, Es*, of transition states 6-endo and 5-exo. Es* molecular calculation for these transition states showed a remarkable agreement with the activation energy determined experimentally, even for the case of 2-silahex-5-en-l-yl radicals which shows a particular behaviour. Hence, the preference for the 5-exo cyclisation of the hex-5-en-l-yl radical seems to be due to the higher strain energy of the conformation leading to the cyclohexane. In the case of silicon radicals it is the conformation leading to the endo product that has the lowest strain energy. This stabilisation is probably due to the fact that silicon-caibon bonds are 22% longer that carbon-carbon bonds which defavours the exo conformations. These simple geometrical considerations allow one to explain the difficulty of the 5-endo cyclisation, for 2-silapent-4-en-l-yl radical since the 5-endo conformation is hard to attain. The complete regioselectivity observed in this case is not surprising since the 4-exo conformation is even more difficult to achieve. However, in the case of the 2-silahept-6-enyl radical, the examination of molecular models did not showed sufficient interactions to explain the fact that only the 7-endo cyclisation mode is observed.
In conclusion, the reaction of alkenyl(bromomethyl)silanes with HSnBu 3 seems to be a good general method for the synthesis of silacycloalkanes. Although the reaction showed no diastereofacialselectivity, the chemio-and regioselectivity of this reaction can be totally controlled by the proper choice of the reaction conditions, alkenyl length and double bond substituents.
MATERIALS AND METHODS
General -'H spectra were recorded on a Bruker AC200 (200 MHz) or Bruker AC250 (250 MHz) spectrometers.
13
C NMR spectra were recorded on a Bruker AC200 (50.3 MHz) or Bruker AC250 (62.9 MHz) spectrometers. All spectra were determined in CDC1 3 . Chemical shifts are given in ppm. Mass spectra were obtained on a NERMAG R10-10 spectrometer using electron ionisation at 70eV. IR spectra were registered on a Perkin-Elmer 682 spectrometer (wave numbers in cm'). The products were isolated by column chromatography on silica gel (SDS 70-230 Mesh). Preparative Gas Chromatography was performed using a SE-30 column (20%) on chromosoib NAW. TLC was performed on 0.25 mm silica gel plates (Merck 60 F254).
Synthesis of bromomethylsilanes 2a-f: 1.00 mmol of hydroxymethylsilane la-c, 395 mg of triphenylphosphine (1.5 mmol) and 415 mg of tetrabromomethane (1.25 mmol) were dissolved in 20 ml of CH2CI2. After stirring for 15 min the solvent was removed under reduced pressure and the crude compound purified by column chromatography (hexane/ether). Radical reaction: 291 mg of tributyltin hydride (1.0 mmol) and 10 mg of AIBN dissolved in 2.5 ml of benzene were added at a constant rate during 12 or 48 h to a degassed solution of 0.5 mmol of alkenyl(bromomethyl)silane 2 and 10 mg of AIBN in 25 ml of benzene, under reflux and under argon atmosphere. After return to room temperature, the solvent was removed under reduced pressure and the residue was purified by column chromatography on alumina (Hexane/ Diethyl ether = 90/10). The products were then isolated by preparative gas chromatography.
Treatment of 2-(bromomethyl)-2-methyl-2-silapent-4-enyl isobutyrate 2a with HSnBu 3 during 48 h afforded a 75 / 25 mixture of 2,2-dimethyl-2-silapent-4-enyl isobutyrate 3a and (I -methyl-1 -silacyclopentyl) methyl isobutyrate 5a, isolated in 91 % yield. 79, 141.10, 113.11, 56.49, 34.11, 27.63, 19.14, 12.95, -4 Treatment of 2-<bromomethyl)-2-methyl-2-silahept-6-enyl isobutyrate 2c with HSnBife during 48 h afforded a 44/56 mixture of 2,2-dimethyl-2-silahept-6-enyl isobutyrate 3c, and (1-methyl-l-silacycloheptyl) methyl isobutyrate 5c, isolated in 73 % yield. 
